Sequence tagged sites (STSs) have been proposed as a "common language" for comparing physical and genetic maps of the human genome produced by a variety of techniques. We have produced 44 STSs from 38 mapped loci on human chromosome 21. The STSs represent most of the loci designated as genetic reference or ordered physical framework markers, along with a number of others chosen to span all regions of 21q. Of the STSs, 12 are from gene segments, including 4 from exons of the APP gene encoding the amyloid ~ protein precursor, and 32 mark anonymous DNA loci. These STSs make each of the corresponding loci readily accessible to the research community without the need for exchange of clones. These sites also represent multiple start points for the isolation of YAC clones that should permit overlapping the entire chromosome 2 1 long arm as cloned DNA.
large number of single-copy probes and known genes from chromosome 21 have been isolated (22, 23, 27) and ordered by pulsed-field gel mapping (7, 14) , mapping with irradiation-reduced or other hybrids (4, 5, 8, 24) , and/or genetic linkage analysis (16, 22, 23, 25) . A set of "reference linkage markers" and other mapped loci have been gathered into an "ordered marker framework" proposed as the foundation for developing a complete physical map of the chromosome (5) . We have targeted the reference and framework markers, along with a number of other loci for the development of STSs. The 44 STSs generated provide well-spaced starting points in all cytogenetic regions of 21q. Isolation of YACs for these loci and development of new STSs from the ends of these would be expected to lead to an overlapping clone set for 21q.
The list of those loci selected for STS generation, along with the primer pair and predicted size of the amplification product for each resulting STS, is presented in Table 1 . For all genes and D21S3, sequences used for STS production were drawn from published data (APP. 1 1, 28) . We generated several hundred basepairs of sequence from the edge of the indicated clone to design primers, which were chosen to have a roughly equal GC/AT ratio. STSs were named by adding • followed by a sequential identification number to the locus symbol.
STSs were tested using human genomic DNA (placental or lymphoblast), DNA from WAV17, a human X mouse hybrid line containing only human chromosome 21 (19) , and DNA from LTK -1, the mouse parent. Figure  1 shows five examples of this analysis, yielding three different patterns of amplification. In three cases, D21S17.1, MX2 * 1, and APP* 3 (Figs. 1A, 1B, and 1C), intense bands were evident in the human and WAV17 amplifications, but not in the product of the mouse reaction. For APP.2 (Fig. 1D) , intense bands of different sizes were amplified from human and mouse DNA, and 498 
Note. PS, published sequence. (Fig. 1E) , a f r a g m e n t of s i m i l a r size was a m p l i f i e d f r o m b o t h m o u s e a n d h um a n D N A . Table I for PCR product sizes and primer sequences used. The shadow bands in D and E most likely represent additional low-level amplified products and primer dimer, respectively. DNA sequence was obtained by the procedure of Sanger et al. (21) . Primers were synthesized using a Biosearch Cyclone DNA synthesizer or an Applied Biosystems DNA synthesizer. PCR was carried out in a 50-#1 reaction containing 10 mM Tris-HC1, pH 8.2, 1.5 mM MgCI~, 50 mM KC1, 200 ttM dNTPs, 50 pM primers, 1 unit Taq DNA polymerase (Perkin-Elmer Cetus, Boehringer/Mannheim, Promega, or gift of David Engelke), and 300-500 ng genomic DNA. After a 10-min incubation at 94°C, the reactions were subjected to 30 cycles of 1' at 94°C, 1' at 58°C, 2' at 72°C (except D21Sl11.1, 30 cycles, 1' at 94°C, 1' at 65°C, 2' at 72°C), followed by 10' incubation at 72°C; amplification product not shown. (4, 5, 7, 8, 14, 16, (22) (23) (24) (25) . Since physical and genetic mapping of D21Slll relative to APP disagree (7, 25) , the order of these markers has been shown as unresolved.
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~m~R F i g u r e 2 shows t y p i c a l e x a m p l e s of P C R a m p l i f i c a t i o n p r o d u c t s f r o m h u m a n g e n o m i c D N A for several of t h e S T S s r e p o r t e d here. All p r i m e r a n d p r e d i c t e d a m p l i f i c at i o n p r o d u c t s e q u e n c e s were u s e d to s e a r c h G e n B a n k u s i n g t h e B L A S T n e t w o r k service at t h e N a t i o n a l C e n t e r for B i o t e c h n o l o g y I n f o r m a t i o n (3). E v e n t h o u g h all of t h e clones l i s t e d i n T a b l e 1 h a v e b e e n u s e d successfully as s i n g l e -c o p y p r o b e s i n S o u t h e r n b l o t experim e n t s , t h r e e of t h e S T S s e q u e n c e s
The relative location for each locus at which an STS has been generated is shown in Fig. 3 . Of the 12 loci designated as unambiguously ordered polymorphic reference markers at Human Gene Mapping Workshop 10.5 (5), 9 are represented by STSs in Table 1 . We have not yet generated an STS for COL6A1, but it is located less than 500 kb from the more distal COL6A2 (7) . The presence of another reference marker, HMG14, can already be assayed by PCR amplification of a unique polymorphic dinucleotide repeat sequence (17) . D21S8 is the remaining index marker without an STS. Twenty of the loci in Table 1 , represented by 24 STSs, were also selected as part of the ordered marker framework of physically mapped loci. Of the remaining eight framework markers, five (HMG14, CRYA1, PFKL, COL6A1, and SIOOB) are cloned genes for which sequence data are already available. Moreover, like HMG14, PFKL can be assayed by amplification of a unique dinucleotide repeat (18) . The other three are anonymous markers, D21S1 [which is tightly linked with no crossovers to D21Sll (22, 23) ], D21S4, and D21S8 [which is tightly linked to APP (22, 23) ]. Twenty of the STSs in Table 1 represent additional loci not selected as framework markers but that have been previously mapped by physical and/or genetic methods (7, 14, 16, (22) (23) (24) (25) .
The construction and comparison of detailed genetic and physical maps of chromosome 21 will be facilitated by the availability of this large set of STSs distributed throughout the chromosome. However, of more immediate consequence, these STSs have afforded the opportunity to isolate YAC clones to ultimately assemble an overlapping clone set for the chromosome. All of the STSs reported here have already been, or are currently being, employed to isolate YAC clones (15) . The majority of these have been obtained through the efforts of the Chromosome 21 Joint Yac Screening Effort, a collaborative initiative of the chromosome 21 community (5, 15). Generation of additional STSs from other loci on chromosome 21 and especially from the YACs currently being characterized can be expected to eventually produce an ordered clone set covering this chromosome.
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